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SPECIF ICATION 

. I  
1 SCOPE 

DISPLAY EQTJI€%ENT, EXTERNAL VISUAL 

DESIGN CONTROL SPECIFICATION 

1.1 Scope. - This specification establishes the require- 
ments for the design, fabrication, testing and preparation for delivery 
of an External Visual Display simulation equipment (EVDE) for use in 
conjunctio2 with the Apollo Spacecraft LEX Mission Simulator (LIE). The 
EVDE and associated equipment when integrated with the LMS shall be used 
in the training of the L E M  flight crews. 

2 APPL1CABL;E DOCUMENTS 

2.1 General. - %he f o l l n v i n g  riocum~nts form a part of 
this specification to the extent specified herein. Federal and ivlilitary 
documents shall be the  issue in effect on 14 January 1963 unless otherwise 
specified. 

(a) Government Documents 

(1) Military 

li 

STANDARDS 

M I L - S T D - ~ ~ ~  Identification, Coding and Applicable 
Hookup Wire 

33586 Metals, Definition of Dissimilar 

SPECIFICATIONS 

MIL-C - 5 541 Chemical Films for Aluminum and Alumi- 
nun Alloys 

Tri chlore thylene - Stabilized De grea sing 

Anodic Coatings, f o r  Aluminum and 
Aluminum Alloys 

Phosphate Heavy Mznganese Coatings, 
or  Zinc Base (for Ferrous Metals) 

EDP Sheet No.- 02 
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2.1 
( *  . 

(a  j (Continued j 

~ (2) Federal  
I \  f 

I \  

( '  
4 STANDARDS 

TT- S- 176 

QQ- P-416 

'IT-E-527 

TT -E - 5 29 

FED- STD- 595 

(3) NASA - 

NSFC 

Office of Systems 

14% 

s- 64 - 2% 31 
S - 64 - 290 3 2 
S-64-2933  
S-64 -2935  
s-64 -29040 

Sealer,  Surface, Varnish Type, Floor, 
Wood o r  Cork 
Plating, Cadmium (Electrodeposited) 

Enamel, Alma, Luster less  

Enamel, Alkyd, Semi-gloss 

Colors 

Drafting Lhnual, Section 1 5  

" V i  s u a l  D2 t e c t  i on of €?r o t  uberance 
Xazards on t h e  Lunar Surface" by 
Zrcshears, R.R.  and Lewyn, L.L., 
i2S-4, Washington, D. C .  dated 1963 

"Environmental Factors Involved i n  
the  Choice of Lunar Operational 
C a t s  and the  Choice of Lunar Land- 
ing S i tes"  by Eggleston, J . M . ,  
e t a l ,  NASA, Houston, Texas, dated 
NOV. 22, 1963 

Photographs taken by Ranger V I 1  
Spacecraft on Ju ly  31, 1964. 

03 EDP Sheet No.- 
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syc. NO. LsP-440-4J 

SPECIFICATION htr: 6-14-66 

P a p :  3 

QCP.No. 2.12 Vendor Quality Control Requireme 
Supplies 

Drawings 

LSC440 - 41001 
(Latest  Revision) 

Display Equipment, External V i s l :  
Specif icat ion Control  Drawing f c  

Avai labi l i ty  of Documents. - 

Copies of NASA documents may be obtained upon request  from 
procuring a c t i v i t y  or as d i rec ted  by the  Contracting Office 

Copies of t h i s  spec i f ica t ion  and other Gruman documents ma 
be obtained upon request frm LEI.: Program Oata Management, 
Gruxrzaz Aircraf t  Engineering Ccryorat ion,  Bethpage, L m g  I=: 
New York, 11714. 

3 REQUIREMENTS 

3.1 General. - The ElDE s h a l l  cons is t  of t h e  followir 

(a) Image Generating Section . 

(b) Visual Display Section 

( c )  In te r face  Junction Section 

(a) EVDE Acceptance Test Equipment 



3.1 (Continued) 

The linage Generating Section s h a l l  be capable of 
generating t h e  images and views spec i f i ed  i n  t h i s  spec i f i ca t ion  and trans- 
mi t t i ng  same t o  t h e  V i m a l  Display Section. 

The Visual Display Sect ion s h a l l  be capable of pre- 
sen t ing  t h e  views generated t o  the  two crew members of t h e  simulated LEM. 

The Interface Junct ion Section s h a l l  provide f o r  t he  
e l e c t r i c a l  and mechanical connection t o  t h e  computer conplex when in t e -  
gra ted  with the  ISG or EVDE acceptance t e s t  equipment. 
s i g n a l  conditioning w i l l  be the  r e s p o n s i b i l i t y  of G r m a n .  

Buffering and 

The acceptance t e s t  equipment t o  be supplied w i t h  the  
EVnE s h a l l  cons is t  of t e s t  f i l m  8111 r ~ s ~ l r i t l n ?  chr_r tc .  u - l r e - - - y . r j  t h e  
vendor s h a l l  make ava i l ab le  for  accnytanice ti.sts thp e y i l i r m p n t  czmsble of 
supplying on a s i n g l e  axis basis s igna l s  t o  the  El33 system i n  a l l  normal 
degrees of freedom. These s ignals  s h a l l  have ca l ib ra t ed  s t a t i c  and 
dynamic magnitudes d i r e c t l y  re la ted  t o  performnce requirements spec i f i ed  
herein.  These s igna l s  s h a l l  be in jec ted  i n  the  EhDE v i a  the In t e r f ace  
Junct ion Section. 

3.1.1 Purpose. - Functionally, t he  equipnent s h a l l  be de- 
signed t o  present  an accurate  and r e a l i s t i c  v i s u a l  simulation of expected 
views t o  be seen by Astronauts tlzroiigh the  I E I J  winaom and o p t i c a l  i n s t ru -  r=er,t, rrbn,.. :",Pl< ?.L+ ,.-Am-.. +L /- , ,.,llL1l LL-AL+lLu  uluc:I blre operational @=lases o-iitiiiied lii u.  2. 

The window and o p t i c a l  instrument displays when in t e -  
gra ted  i n t o  t h e  LiJS s h a l l  provide, but  not be l imi t ed  to ,  t h e  following 
t r a i n i n g  c r i t e r i a :  

(a) 

(b)  

Provide r e a l i s t i c  v i sca l  presenta t ion  of ex te rna l  environment. 

Aid i n  LEI4 a t t i t u d e  or ien ta t ion  t r a i n i n g  by crew members with 
corresponding react ion cont ro l  system t r a i n i n g  and p rac t i ce .  

Train crew t o  s e l e c t  moon landmarks spec i f i ed  f o r  navigation 
and judge general  range and pos i t i on  by surve i l lance  of t h e  
window and o p t i c a l  instrument scenes. 

( e )  

EDP Sheet No") 
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SPECIF ICATION 

SF. N6. LSP-440-41001C 

Date: 6-14-66 

Page: 5 

3.1.1 tcont  inued) 

(a) Train i n  t h e  APOLLO mission phases of rendezvous, docking and 
t r anspos i t i on  and a l l  other  phases defined i n  6.2. 

( e )  Train i n  moon landing procedures. 

3.1.2 Data Requirements. - Data and drawings referenced or  
described by t he  paragraphs herein, s h a l l  be submitted i n  accordance with 
the  purchase order.  

w 

3.2 * Design and Construction. - 
3.2.1 General. - The de ta i l ed  mechanical and e l e c t r i c a l  

design of t h e  equipment s h a l l  be accomplished by the  vendor, subject  t o  
t h e  x q u i r c x e n t s  of tkis s ~ ; E : c i f i c ~ % i o r ~ .  n~qLi r tLL ,z rAts  of t K i s  s p c i f i c a t i o n  
cTe de ta i l ed  only to the ~ r t n r - t  Z : : - : ~ ~ L - Z . :  L~L-=-sz--~.  t-. ;F_Lzin t h e  &sired 
mechanical, e l e c t r i c a l  and v isua l  cha rac t e r i s t i c s ,  performance and perman- 
ence of same. 

7 

3.2.1.1 Configuration. - The configuration of t he  EVDE s h a l l  
be i n  accordance with Grumman Specif icat ion Control Drawing LSC440-41001. 

3.2.2 Se lec t ion  of Materials.  - 
3.2.2.1 Electron Devices. - A l i s t  of se lec ted  e l ec t ron  tubes,  

t r a n s i s t o r s ,  and diodes, including the  descr ipt ion,  appl icat ion,  and 
quant i ty ,  s h a l l  be submitted t o  Grunman f o r  review and approval. 

3.2.2.2 Netals.  - Metals s h a l l  be cor ros ion- res i s tan t  wherever 
prac t icable .  Non-corrosion-resistant metals, when used, s h a l l  be su i t ab ly  
protected t o  r e s i s t  corrosion. 

3.2.2.3 Dissimilar 14etals. - Contact of d i ss imi la r  metals as 
defined i n   IS-33586 s h a l l  be avoided wherever possible .  When such contact  
i s  unavoidable, and i f  pract icable ,  t he  metals s h a l l  be e l e c t r i c a l l y  insu- 
l a t e d  with paint ,  non-metallic washers, chemical f i l m s ,  o r  anodic coatings.  

06 
Code 26512 Erq-Z?K QB 6661 EDP Shnt No.- 



3.2.2.4 Non-Metals. - Materials not nu t r i en t  t o  fiingi sha72 
Wherever fungus nu t r i en t  mater ia ls  must be be used wherever possible .  

used, they s h a l l  be t r ea t ed  with an approved fungicidal  &gent acceptable 
t o  Grumman. 

3.2.2.5 Materials Finish.  - Protective coatings and f in i shes  
which w i l l  crack, chip or sca l e  during normal service use or extremes of 
atmospheric conditions s h a l l  no t  be used. 

3.2.2.6 Materials and Processes. - In  the  se l ec t ion  of materi- 
als and processes, fu l f i l lmen t  of major design requirements s h a l l  be the 
prime consideration. Grumman approval s h a l l  be obtained p r i o r  t o  the  use 
of any materials, processes, processing equipnent and processing personnel. 
When temporary subs t i t u t ions  are made, drawings s h a l l  note t h e  applicable 
government spec i f i ca t ion  of the  a l t e rna te  material .  

Lip:::-T 'Ti:? Zt\, t. - ;:d ~ ~ p : -  7 1  cc ~ ~ ~ L Q ~ , y & ~  $0 3 * 2.2.7 
be removed o r  replaced within a 353-hour period. 
a r t i c l e s  having d e f i n i t e  character isJLics  of degradation with l i f e  or use, 
a r e  employed, they s h a l l  be marked t S  indicate ,  by date or frequency of 
use, t h e  beginning and expected end of useful l i f e .  
s h a l l  be i n i t i a t e d  t o  control  i tems  of t h i s  nature, t o  insure t h e i r  r e -  
moval and replacement on a scheduled basis  i n  the  appropriate phase of the 
program. "he maximum permissible t e s t i n g  time s h a l l  be given as a p r c e n t -  
age of t o t a l  l i f e .  
used i n  del iverable  equipment. Accurate operating logs s h e l l  be maintained 
on parts arid equipment con-caining items wit'n Limited l i f e  cha rac t e r i s t i c s  
and these logs s h a l l  be submitted with the  equipment. Pr ior  t o  use of any 
i tem with l imi ted  l i f e  charac te r i s t ics ,  approval s h a l l  be received from 
Gruman. A waiver may be given for  i l luminat ion lamps, i f  present  s t a t e -  
of- the art  does not ind ica te  350 hows of l i f e  fo r  these components. 

Where mater ia l  and 

Adequate procedures 

Ar t i c l e s  exceeding t h i s  msximum t e s t  l i f e  may not be 

3.2.2.8 Conqercial Parts.  - Cornrrercial pa r t s  having su i t ab le  
proper t ies  may be used where, on the  date  of i nv i t a t ion  for bids,  there  
a r e  no s u i t a b l e  standard pa r t s .  In  any case, commercial u t i l i t y  par t s ,  
such as screws, bo l t s ,  nuts,  and c o t t e r  pins,  having su i t ab le  proper t ies  
may be used provided: 

(a)  They can be replaced by t h e  standard pa r t s  (MS or AN) without 
. a l t e r a t i o n .  

(b)  The correspmding standard pas t  numbers a re  referenced i n  the  
p a r t s  l i s t  and, i f  prac t ica l ,  on the cont rac tor ' s  drawings. 

EDP Sheet No.= Csde 265U Erg 2?K 667 



3.2.2.9 Interchangeabi l i ty .  - A l l  p a r t s  having t h e  same 
supp l i e r ' s  p a r t  number s h a l l  be func t iona l ly  and diEensionally interchange- 
able. 

3.2.3 E l e c t r i c a l  Requirements. - 
3.2.3.1 Available Primary Power. - Primary power ava i lab le  a t  

?<Taximum voltage t r a n s i e n t  w i l l  
A l s o  ava i lab le  is  120/2'38 V transformer Coupled 

s i t e  of i n s t a l l a t i o n  is  277PO V - 3 phase - 60 cycle a t  8% voltage 
regula t ion  and + 3% frequency regula t ion .  
be 15% fo r  0.25-seconds. 
from prime power. 

3.2.3.2 Sirriulator Power. - A l l  simulator equipment s h a l l  be 
designed t o  operate from the  prime power with a power f ac to r  not less than 
85 percent.  
i n  accordance with power demancl as follows: 

The equipnent s h a l l  be cayable of connection t o  power supply 

Demand 

1000 w a t t s  o r  l e s s  
Over 1000 watts 

Power Supply 

123/208 V - 1 phase - 2 w i r e  
277/489 V - 3 phase - 4 wire 

3 .2-3.3 Power Conversion Equipment. - Power conversion equip- 
ment necessary f o r  cor rec t  imge  generation and display s h a l l  be vendor *. 
furnished as p a r t  of t he  FvI3E. 
shall present a load t h a t  i s  balanced as close as possible on each phase. 
NIY u-uCLLLCLL-CCU u--L..Iu VIL 

average of t he  th ree  l e g  currents .  

The equipment when i n  normal operat ioc 

L\db i)l_uII not be grea ter  thm 10% cf the  A m - -  - . - k n l n m f i m A  cs,--~-mm+ nn n m ~  1- rn  - V - , n l l  

3.2.3.4 Overload Frotection. - Protective devices shall be 
incorporated t o  pro tec t  The ELDE from dmage due t o  overload, excessive 
heat ing and shor t s .  
dav-age the W E .  
accessible  f o r  replacement. Light indicat ions s h a l l  be used t o  ind ica te  
blown fuses or t r ipped  c i r c u i t  breakers.  The equipment s h a l l  be czpable 
of resuming normal operation upon removal of t he  overload or  r e s t o r a t i o n  
of power o r  reference voltages. 

Loss of power or  reference voltages s h a l l  not 
The protect ive devices s h a l l  be located as t o  be r ead i ly  



3-2.3.5 Workmanship. - The equipment, including a l l  p a r t s  and 
accessories  s h a l l  be constructed and f in i shed  i n  a thoroughly woriananiike 
manner. Pa r t i cu la r  a t t e n t i o n  s h a l l  be paid t o  neatness and thoroughness 
of soldering, wiring, impregnation of co i l s ,  marking of p a r t s  and assem- 
b l i e s ,  p la t ing ,  paint ing,  r ive t ing ,  machine screw assemblage, welding and 
brazing, and freedom of p a r t s  from burrs  and sharp edges. 

3.2.3.6 I n t e r n a l  Wiring. - All wires within e l ec t ron ic  sub- 
assemblies and assemblies, s h a l l  be i d e n t i f i e d  by adequate color  coding 
i n  accordance with Standard M I L - S T D - ~ ~ ~ .  

3.2.3-7 External  Wiring. - Each wire and cable i n s t a l l e d  be- 
tween subassemblies, assemblies, ana t h e i r  units, except those within 
e l ec t ron ic  subassemblies and assemblies, s h a l l  be iden t i f i ed  by imprint- 
ing on t h e  wire, cable, or sleeve i n  addi t ion t o  color coding requirements 
of Etsr,fi?rd :!TL-STD-681. 
f~ches of each connection and shall be so  located t h a t  shielding,  t i e s ,  
clamps, or  supportiqg devices do not  he-^ t o  be r e l m ~ d  t o  rez2 the identi- 
f i ca t ion .  Each wire s h a l l  be i d e n t i f i e d  by a dual  method of marking which 
designates the  connection points a t  each end of  t h e  wire.  
t he  dual marking designat ing the  connection f o r  t h a t  end of the  wire s h a l l  
be placed nearest  t o  t h e  end of the srire. 
the  two pa r t s  (por t ions)  of the i d e ? t i f i c a t i o n  marking ( f o r  example, svitch 
S-3 has one -,Tire leading t o  terminal th ree  of terminal  board TB-1. 
wire should be i d e n t i f i e d  on the  switch end as S-3-l/TE-l-3 and on t'ne 
terminal  board end as TB-l-3/S-3-l). 
a t  l ea s t  e-Vei-3- terAth tex5rA. skzll he ici,efitified, 
l abe led  as t o  the voltage and frequency. 
be assigned a reference aesignation i n  accordance with BASA Document 
bFSC,  Drafting Manual, Section 1 5 .  All wire markings shall be of s u f f i c i -  
ent  s l ze  t o  be i eg ib l e  and s h a l l  be narked i n  permanentocolors t o  provide 
su i t ab le  cont ras t  v i t h  background wire, sleeve, o r  cable covering. The 
type s h a l l  r e t a i n  n5equate hardness t o  perr-i t  l e g i b l e  marking. 

T ~ P  i d p v t i f i  ca t ion s h a l l  be ?laced within three  

The Fort ion of 

A s l a s h  mark s h a l l  separate  

The 

To f a c i l i t a t e  t h i s  method of marking, 
The terminals s h a l l  be 

All plugs and connectors s h a l l  

Code 26512 Er4-21M - 667 EDP Sheet No.- 09 
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3.2.3.7.1 Grounding. - A separate chassis, signal and power 
ground, isolated from each other, shall be provided to minimize cross 
talk and noise. 
be determined by Grumman). 

All common grounds shall have a common tie point (to 

3.2.3.8 Electronic Parts Identification. - Electronic parts 
such as capacitors, resistors, relays, transformers, and other circuit 
parts, shall be identified by reference designations stmped 011 the sub- 
assemblies and assemblies adjacent to the parts. All subassemblies and 
assemblies shall be identified by reference designations stamped on the 
mounting adjacent to the subassemblies and assemblies. These identifi- 
cation symbols shall be.the same that appear on the applicable circuit 
diagrams and shall be completely legible and located in a position to 
facilitate identification. 

3 r ) ?  ~ ~ ~ c t r ~ r _ ~ c  ~ P - - + F  ._  ~ ~ - v ! E ~ = m e y t .  - Tq F~~tljtqte PIP?-  .J*--,.9 
trscic - r - r t c  r n r l a c n r ~ r t  J p - -  t - n r n r r i  - 2 - r ~  c ~ a ~ i ; ~ r r i  d e s i  gt>at ions,  such 
as 6 ~ ~ 7 ,  a'34, etc., shall be marked on the surface of all subassemblies 
and assemblies adjacent to each device. 
mounted, the opposite side of the subsssenblies and assemblies shall be 
marked with the appropriate circuit symbol designation, such as V-1, 
V-2, etc. 

f?L- 

Where electronic parts are socket 

3.2.3 .lo Trensformer Connections. --- - Transformer connections 
shall be clearly marked on t h e  subassemblies and assemblies near each 
connection. 

3.2.3.11 Circuit Diagrars. - Circuit diagrams sha l l  be pre- 
pared as specified herein. 

3.2.3.12 Circuit Parts Representation. - A l l  circuit parts 
shall be represented on circuit. diagram using symbols conforming to 
U S A  Document I..iSFC, Draftfng 14&ntial, Section 15.  

3.2.3.13 Electronic h r t s  Reference Designaticns. - Electronic 
parts, such as condensers, resistors, relays, trmsformers, and other 
miscellaneous circuit parts of the simulator equipment, shall be identi- 
fied on the applicable circuit diagram by reference designations conform- 
ing to IJASA Document bSFC, Drafting Manual, Section 15 and numerical 
designations assigned by the subcontractor. 
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' 3.2.3.14 Cables and Connectors. - The equipment s h a l l  provide 
f o r  use of cables and connectors i n  accordance with commercial standards.  
The design shall be such as t o  provide maximum convenience and s a f e t y  t o  
personnel i n  i n s t a l l i n g ,  operating, and interchanging a complete assembly 
or  component p a r t .  
nel from acc identa l ly  coming in to  contact  with hazardous voltages.  The 
design s h a l l  be such as t o  prevent reversed assembly o r  i n s t a l l a t i o n  of 
connectors and cables .  Cables s h a l l  be su i t ab ly  i d e n t i f i e d  w i t h  t h e i r  
mating connections. 

Sa t i s fac tory  provis ion s h a l l  be made t o  prevent person- 

3.2.3.15 Reference Signals.  - Outputs i n  the  form of analog 
vol tages  will be provided by Grm-an for dr iv ing  the  v i sua l  display when 
in t eg ra t ed  i n t o  t h e  INS. The dc reference vol tages  f o r  potentiometers, 
servos,  e t c .  s h a l l  be + 10 vol t s  maximum. A reference voltage power 
supply w i l l  be furnished when the equipment is  in tegra ted  i n t o  the  LMS, 
and b9 11 have t h e  following charactpri s t i c s  : 

+ 10 v o l t s  DC 

L e s s  than  1 mv RMS 

Voltage - 
Ripple 3.5 mv peak-to-peak 

Current 100 m a  

)".ximum t o t a l  sca le  f a c t o r  f o r  any one s igna l  s h a l l  
not eGceed - + 10 v o l t s .  

"he ac reference voltage s h a l l  be 26 vol t s ,  400 cycles 
- A  'In -.. 
dl4 I V  I I l a . .  

3.2.4 External  Visual Display Requirements. - 
3.2.4.1 Visuzl Presentation. - The ex terna l  views through t h e  

L;EM uindows and op t i ca l  i n s t r u x n t s  s h a l l  be r e a l i s t i c a l l y  simulated by 
the  display of v i r t n a l  iT-ages. The image pa t te rn ,  shape, proportionate 
s i ze ,  ou t l i ne  and d e t a i l  s h a l l  depend on viewing range, o r i en ta t ion  of 
ob jec t  with respect  t o  LE:,; angular displacement and v i sua l  perspective.  
Superimposed scenes over background presenta t ion  s h a l l  be accomplished 
without not iceable  b lur r ing ,  d i s to r t ion  or "bleed through" except t h a t  
"bleed through" of stars throcgh the  CSM i s  allowable.  Scenes s h a l l  be 
s h i f t e d  s o  t h a t  no not iceable  j i t t e r  is  perceived by the 
i n  sca le  a re  permissible provided they do not d e t r a c t  from the  t r a i n i n g  
value. 

crew. S h i f t s  
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3.2.4.1 ( Continued 

I n  addi t ion t a  t h e  generation and d i sp lay  of t h e  
window view images, t h e r e  s h a l l  a l s o  be generated those  port ions of the 
e x t e r i o r  p a r t  of t h e  LEM vehicle t h a t  a r e  wi th in  t h e  f i e l d  of v i e w .  The 
following port ions of t h e  ex ter ior  of t h e  LEI4 veh ic l e  s h a l l  be generated 
and displayed: 

( a )  Reaction Control System Jets  

(b) 

( c )  Front Landing Gear Leg 

( a )  

LEI4 s t ruc tu re  a s  v i s i b l e  i n  t h e  two (2)  f r o n t  windows 

LFM s t ruc tu re  a s  v i s ib le .  i n  overhead window 

These i t e m  s h a l l  be displayed i n  t h e  cor rec t  r e l a t i v e  
p o s i t i m ,  d is tance  and s i z e  a s  seen I r z ' r n  ?;he viewing pDsi7;i.m. 

During the  ascenx phase, t h e  f r o n t  landing gear l e g  

During rendezvous and docking, t h e  CSN s h a l l  be  v i s ib le  

s h a l l  be deleted.  

i n  e i t h e r  t h e  two (2)  f r o n t  windows or t h e  overhead window. 

3.2.4.2 Simulated Scenes. - For design purpsses, i n  r e l a t i o n  t o  
slinulated scenes, the LE4 2nd C L X  dj;iisiiiics z s  spec i f ied  i i i  T a b l e  I s h a l l  b e  
used. 

3.2.4.2.1 P r o v i s i m  f o r  reposi t ioning 3f t h e  d i sp lay  scene t o  
any pos i t ion  previously a t ta ined  during a problem, following a stop, s h a l l  
be provided and s h a l l  inc1r;de adequate control  of t r a n s i e n t  e f f e c t s  of t h e  
r e t u r n  t c i  p ro t ec t  t h e  equiprent f r m  damage. Reposit ioning t 3  any p a r t  of 
t h e  prablem shall n3 t  exceed 2 r?.inutes, except t h a t  lunar  occuiat ion re -  
p x i t i o n i n g  s h a l l  no t  exceed 5 minutes. 

3.2.4.3 S$andZrrlizetion. - F3r design puryoses i n  r e l a t i o n  t o  
s tandardizat ion the  axes coarainates,  body axes i n t e r f a c e  and outs ide 
dimensions of t h e  CsC4 a s  specif ied i n  Figures 1 thrcugh 4 s h a l l  be used. 

3.2.4.4 Relat ive Motion and Posi t ion.  - Relat ive motion and 
pos i t ion ing  of t h e  objec ts  being vieved by the  LEX crew s h a l l  be a func- 
t i a n  of the i r ape  generati-? and /o r  v i s u a l  display.  
q i s c e c r a f t  tlxough : , h o . ~ ~  vir.?zTs the  ID4 crev T i l l  be  viewing t h e  v i s u a l  
d i sp l ay  w i l l  be a f ixed land based item. 

m e  simulated B 
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3.2.4.5 Resolution. - The reso lu t ion  (see 6.2.5) of t he  d is -  
pie,y as viewed by the  crew members s h a l l  be a minimum of 5 minutes of 
ar?, as seen f r o m t h e  normal eye pos i t ion  f o r  each window. The scenes 
prksented by t h e  t e l ev i s ion  system s h a l l  have minimum reso lu t ion  of 12  
minutes of a r c  as seen from the normal eye posi t ion.  

3.2.4.6 Visual Perspective. - The displays t o  each crew 
member a t  t h e  time of docking, rendezvous landing and ascent  s h a l l  be pre- 
sented independently so  t h a t  a proper perspective can be a t t a i n e d  a t  
sho r t e r  ranges. 
object  viewed i s  displayed a t  simulated s l a n t  ranges of 10,000 f e e t  or  
less. 

These independent presentations s h e l l  occur whenever the  

A l l  o ther  views need not be presented independently. 

3.2.4.7 S t a r f i e l d  Display. - Display of a l l  stars down t o  but  
A l i s t  of these stars, approxi- no t  including the  f i f t h  (5 th )  magnitude. 

mately a thousand (1C33) s t u s ,  1 . r j l 1  be f l x n i c h e d  by Crn-..?n. 
s h a l l  be located t o  wi th in  0.5 f l -e~rees  of real star i n t e r s f s t i a l  posi t ion,  
as viewed from t h e  LEII. A l l  stars s h a l l  be of subliminal diameter. 

All stars 

3.2.4.8 Viewing Area. - The v i sua l  display s h a l l  be viewed by 
I n  t h e  two man IEM crew through three (3 )  windows and one (1) telescope.  

normal f l i g h t  posi t ion,  the two-man crew s h a l l  be separated (on centers)  
by 44 inches and each s h a l l  have an eye excursion and viewing area  as 
shown i n  Figure 5. The geometry of the window and telescope i s  as shown 
i n  Figure 6, sheets  1 and 2. 
t h e  cabin a t  Y = 0, Z = 58.5. 

and STOW (no view) about the  X ax is  vhen vieved from t he  t o p  of the IXM. 

The telescope penetrates  the  upper port ion 
F ie ld  of view of telescope i s  d i rec ted  

s19ng 33 axis  -!;50 - 7 -  ur - A  +-- v t l i  +I.- Lilt a r.7 =-*.La -.-:- aiiu ..-A I --a v L ~ t e d  z0, ~ ' w '  Ca"; CCY GOO, 

The f i e l d  o f  view of the two (2)  f r o n t  windows s h a l l  
have a mininum m a j o r  diameter o f  1X0 and a mininun minor diameter of 80'. 
Within these boundaries the  external view s h a l l  be suppl ied t o  t h e  normal 
eye pos i t ion  by means of 2n ex i t  pupi l  of 1 2  inches i n  diameter. This 
e x i t  pupi l  may be placed s l i g h t l y  forward of the  eye pos i t i on  s o  as t o  
allow maximum head movement of t he  ast ronauts  and s t i l l  remain within the  
eye pupi l .  

For the  two f ron t  windows &erein vehicle  window, or 
Astronauts cons t ra in ts  prevent viewing the  e n t i r e  f i e l d  of view over t h e  
er,?ire e x i t  pupil ,  t he  unobservable view can be clipped with Grumman 
approval. 



3.2.4. .8.1 Overhead Window Viewing Area. - 
The .overhead window s h a l l  be provided with a l l  v i s u a l  displays 
with continuous + 360' r o t a t i o n  about a l l  w e s .  The q u a l i t y  
and number of possible views provided s h a l l  be i n  accordance 
w i t h  t h i s  spec i f ica t ion .  L;EM DYNMZCS as spec i f ied  i n  Table I 
s h a l l  be appl icable  t o  the  overhead window. The f i e l d  of view 
s h a l l  be a t  l e a s t  + 20' each s ide  of t h e  window cen te r l ine  i n  
the  Y d i r ec t ion  anx + 15' and -50° from the  v e r t i c a l  i n  t h e  Z 
d i r ec t ion  ( i . e .  t h e  -50' i s  i n  the  +Z d i rec t ion ) .  Within these  
boundaries t h e  external  view s h a l l  be supplied t o  the  docking 
eye pos i t i on  by means of an e x i t  pupi l  of 8 inches i n  diameter'. 

(b)  The necessary docking t a r g e t s  on the model of t he  Command 
Module i n  t h e  present T.V. docking system s h a l l  be provided. 
A rtchting device ir, tiie E:.: c - . e ~ ~ , t a i i  window ( ia t te r  t o  be 
sTec~f2efi  by sruyn--=--) ---LA) aL.Cl -'- ke praviaed. 

3.2.4.9 Display I n s t a l l a t i o n  Boundary. - Images s h a l l  be gener- 
a t ed  and displayed within the  following boundaries: 

(a) I n s t a l l e d  height  of .any one un i t  s h a l l  not exceed 20 f e e t .  

(b)  Length of any one uni t  shall not  exceed. 40 f e e t .  

( c )  

(d)  

Width of any one uni t  s h a l l  not exceed 25 f e e t .  

Floor,  are2 of any one uni t  s h a l l  not  exceed 575 sq. f t .  

(e)  The f loo r  a rea  including a l l  un i t s  s h a l l  not exceed 1800 sq. f t .  

'Be I2.S cabin t o  be mated t o  t h e  EVDE i s  as spec i f ied  
i n  Figure 7. Tne ESBE s h a l i  not protrude i n  t h e  LXS cabin without 
Grumman approval. 

' 3.2.4.10 There s h a l l  be no objectionable r e f l e c t i o n  of t h e  crew 
o r  other vehicle  systems or hardware from the d isp lay  elements of t h e  
EWE. 

3.2.4.11 . The vendor s h a l l  supply t h e  Eecessary engineering 
l i z < s o n  services ,  information and da ta  with Grumman t o  enable manufacture 
of the  required lunar  and ea r th  f i lm  f o r  procurement as G F E .  



3.2.4.12 Occultation. - Provisions shall be made f o r  t h e  
following occul t  a t ions  : 

(a)  S t a r  Field - Occultation of  t h e  star f i e l d  behind t h e  Earth 
and Moon. 

(b)  M3on - Occultation o f  t he  Moon Behind the  CSM. - 
( c )  

(d) 

(e )  

Earth - Occultation of  the Earth behind the  Moon. 

CSM - Occultat ion of t h e  CSM behind t h e  M3on. 

Sun - Occultation of t he  Sun behind the  Moon during o r b i t  of t he  
LEN and during t h e  hover and landing phases. 

- 
- 

3.2.4.13 Sta tus  Signals From the  In t e r f ace  J u n c t i m  Section. - 
I n  addi t ion t o  those s igna ls  from the EVDE dri7;e computation and cont ro l ,  
s t a t u s  s igna ls  s h a l l  be provided as follDws: 

(a) Poder ON - Indicates  p3wer i s  ava i lab le  a t  the  output s ide  
of t h e  i i r s t  eVE-5 c i r c u i t  trcalker o r  switch and 
oUt&~,i si poijer supplies ir! t he  Interi’ace .Junction 
S ta t ion .  

( b )  Power OFF - Indicates  power has been shut  down t o  any individ-  
ua l  sec t ion  of t h e  EWE. . 

( c )  L i m i t  S igna l  - Indicates  any probe o r  similar equipment has 
reached a l i m i t  s t op  which w m l d  abor t  t he  
t m i n i P g  m i  c s ion  . 

The spec i f i c  po in ts  from which these  s t a t u s  ind ica t ions  are taken s h a l l  
be selected hy t h e  v e n d ~ r  and s h a l l  be appi-oved by ZrlanmaE. 

3.2.5 Telesc3pe. - LEN f l i g h t  equipment includes a te lescope 
t o  be u t i l i z e d  f o r  s tar  siglltings t o  update pos i t i on  information for t he  
i n e r t i a l  measurin? u n i t ,  f o r  landmark sightin;s and for observation of t h e  
CSM during rendezvous phases. This te lescope w i l i  Le provided by Grumaan. 
The following telescope cha rac t e r i s t i c s  s h a l l  be used i n  the  design of  t h e  
EWE: 

(a) 60 Degree F i e l d  of.  View 

(b )  1X Power 

( c )  Rotatable t o  four ( 4 )  f i xed  de ten t  pos i t ions .  
follows: 
measured i n  t h e  LEM Y-Z plane. 

Telescope equipped with r e t i c l e  capable of reading + 1 min. o f ’  
arc .  

Posi t ions a r e  as 
Pos i t ions  a r e  +60°, 0”, -60 0 , and STosJ (no view). 

( d )  - 
( e )  Outside dimensions of t he  Telescope s h a l l  be suppl ied by Grumman. 

EDP S k c t  No.- 15 
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3.295 (Continued) 

The star f i e l d  c?is@~y capable of' beii-~g viewed t h r u  
t h e  te lescope s h a l l  cons is t  of all stars down t o  and including the  fou r th  
magnitude. 
ca ta log  for navigat ional  purposes a t  a l a t e r  date .  
stars shall be presented t o  the  opt ics  of t h e  te lescope with an accuracy 
of + 1 MIN of ARC with respect  t o  t h e i r  t r u e  i n t e r s p a t i a l  pos i t ion .  The 
remzinder o f  t h e  star background s h a l l  be only accurate  enough t o  enable 
recogni t ion of cons te l la t ion  s o  t h a t  naviga t iona l  stars can be recognized, 

F i f t y  four  (54) of these  stars w i l l  be  chosen as the  star 
These navigational 

3.2.6 Interface.  - The EVDE s h a l l  be  capable of being i n t e .  
g ra ted  i n t o  the  LMS by use of In t e r f ace  Junc t ion  Section. 
of con t ro l  and operation of the  EVDE s h a l l  terminate i n  t h i s  In t e r f ace  
Junct ion Sect ion for connection t o  the  input/output s ec t ion  o f  the  coxput6 
i n  the  LMS. This s h a l l  inc  ude a l l  60-cycle poxer and a l l  reference vo l t -  
ages. 

A l l  parameters 

3.3 Ferfonnance. - 
3.3.1 General ETDE Operating Capabi l i t i es .  - The EWE s h a l l  

be capable of generating, in tegra t ing  and present ing views of Sun Shaft ine 
Moon Surface, Command Service Fbdule, S t a r f  i e l d  and Earth ( including semi- 
f ixed  cloud cover) i n  apparent 6 degrees of  freedom with respect  t o  two 
vieMers during the  following operat ional  phases (as def ined i n  6 .2) .  
Washout of a l l  v i sua l  scenes when t h e  Sun i s  i n  t h e  Astronauts f i e l d  of 
view shall be prwided .  

(a) Lunar Orbit 

( h )  Descent: 

(1) Coasting Descent Transfer Orbit  

(2)  Powered Descent: 

a. I n i t i a l  Powered Descent 

b. F ina l  Powered Descent 

c .  F l a re  t o  Landing 

( c )  Ascent: 

(1) Powered Ascent 

( 2 )  Coasting Ascent Transfer Orbi t  

(3)  Rendezvous 

( 4 )  Docking 

(d )  Abort 

( e )  Limited E a r t h  Orbi t  

EDP Sheet No.- 16 
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303.2 Deta i l  EVDE Operating Capabi l i t i es .  - 
3.3.2.1 Lunar Orbit. - The EXBE shall on ly  provide f o r  an 

equa to r i a l  Moon o r b i t  w i t h  deviations of + 5 degrees about t h i s  o r b i t  i n  
e i t h e r  c i r c u l a r  and/or e l l i p t i c a l  t r a j e c t o r i e s  from 6 t o  200 nau t i ca l  
fniles (nm) a l t i t u d e .  Nominal t r a j e c t o r i e s  a r e  as depicted i n  Figure 8. 
Velocity and scenes s h a l l  

(a) Alt i tude  

(b) Velocity with 
respec t  t o  Moon 

( c )  Orbit  

(d)  Earth 

be as l i s t e d  below. 

NOMINAL TRAJECTORY 
CHARACmISTICS 

80 nm 

5285 f t / s e c  

Equator ia l  Moon 
Orbi t  (Circular  & 
E l l i p t i c a l  

EQUI€%ENT CAPABILITIES 

6 t o  X)O nm 

4003 t o  6000 f t / s e c  
(This w i l l  al low an 
eyyrnxi??ate 32, " 3  f t  
r@ri.C:rllthinn end 3 529 
ml apocynthion. No 
eccurate ' lunar  v i sua l  
display required above 
230 nm a l t i t u d e )  

System s h a l l  be capable 
of providing o r b i t  i n c l i -  
nations of up t o  +.45 
degrees with deviat ions 
from t h i s  preseiected 
o r b i t  of + 5 degrees. 
Orb i t  c a n b e  c i r c u l a r  o r  
e i l i p t i c d  from 6 t o  200 
nm. Design s h a l l  be such 
t 2  accomodate Polar O r b i t  
by l u t w e  modification. 

Distant  ea r th  with semi 
f ixed  cloud cover. Earth 
landnarks as appropriate 
t o  distant and ephemeris. 

17 EDP Sheel No.- 
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SPECIF ICATION 

3.3.2.1 (Continued) 

(e) Moon Details 

NOMINAL TRAJECTORY , 
CHARACTERISTIGS EQUIR4EEIJT CAPASTLITIES 

Scenes covering Lunar 
Surface s h a l l  be compati- 
b l e  with the  o r b i t a l  
a l t i t u d e  spec i f ied  above. 

Lunar d e t a i l  s h a l l  be 
shown out t o  the  horizon 
o r  t o  83' from nadir ,  
whichever i s  the  l e s s e r  
angle. The horizon l i n e  
j -7- IAcil . .  ?;, co;.:.ectlSI c-klce3 
.;;a -._. 2 - .. I . 3 . ___ uL AciLLcLL 111 x-e;stic;r;- 

sh ip  t o  t h e  vehicle .  

* 

10 spec i f i c  landing s i t e s  
as follows: 

L a t  . Target No. Long. - 
36'55 'E.  
31'00 ' E. 

24'10 ' E. 
4 s  rY> E . 
12O501~. 
1O28'W. 
13"15'W. 
28O15 1 w. 
3i.39 'w. 
41 3 0 ' ~ .  

L" LL 

Landmarks and landing 
s i t e s  t o  be displayed i n  
e i t h e r  e a r t h  shine o r  sun- 
shine as appropriate  to 
the  ephemeris. 

Design shall not preclude 
presenting p a r t i a l  ea r th  
shine and sunshine port ion,  
of Moon. 



3.3.2.1 (e) (Continued) 

NOMINAL TRAJECTORY 
CHARACTERISTICS EQUIFMENT CAPABILITIES 

(e ) .  Moon De ta i l s  
(Continued) 

Where lunar  surface de- 
t a i l s  are not  known o r  
indeterminate, a r t i s t  
concepts s h a l l  be used 
with Grumman approval. 

Lunar scenes with respec t  
t o  360' a t t i t u d e  changes 
about each and/or any 
combination of vehicle  
Fixes. 

The lunar horizon l i n e  
s h a l l  be simulated i n  
t r u e  perspective from . 
203 nm a l t i t u d e  t o  touch- 
down. 

The shadow of t he  LEM on 
the  Lunar surface s h a l l  be 
simulated with s u f f i c i e n t  
a.rcrcuracy ;is t o  provide a 
range reference t o  the  
LEN view. 
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Coast ing 2escer;t T-rrnsfcr *bit. - %e EYE2 shall have 
t h e  following c a p a b i l i t i e s  w h i l e  in t he  t r a j e c t o r y  c h a r a c t e r i s t i c s  of the  
Coasting Descent Orbit  ( see  6.2.2.1) as spec i f i ed  herein.  Rominal Trajec- 
t o r i e s  are as depicted i n  Figure 9. 

c , c ) n n '  3 . 3 .  c. c 

W C T O R Y  
CHARACTERISTICS 

(a) IZM Al t i tude  80 nm t o  Pericynthion 
of 50,000 ft. 

(b) I E M  Velocity 5285 f t / s e c  t o  
5670 f t / s e c  

(c )  I E M  Orbit  Synchronous with 
cst'; frm tl:, nrr, 
Alti tude t o  
50,000 f t .  

(a) Moon De ta i l  

( e )  EarVn 

(f) CSM 

E&'JiWIEI:T CAPABILITIES 

200 nm t o  Pericynthion of 
2nm 

4200 f t j s e c  t o  6903 f t / s e c  
a t  Fer icynthion . 
Synchronous Orbit  from 
229 nm t o  rer icyntnion 
of 2 nm. 

- 

Same as i n  lunar o r b i t  ( i . e  
grea te r  d e t a i l  perspective 
a t  lover a l t i t u d e s ) .  

Saxe 6 s  Ln I*aa r  o r b i t .  

A t  ranges of 14,000 f e e t  
and greater, CSM is  viewed 
as a steady OT bl inking 
white l i g h t ,  t he  i n t e n s i t y  
of which i s  dependent on 
range. From 1-'.c,o30 f e e t  
down t o  8,030 f e e t  the  CSM 
becomes v i s i b l e  as an 
objec t .  A t  ranges of 8,0X 
f e e t .  down t o  2,500 f e e t  
CSM becomes v i s i b l e  i n  
shape. A t  2,500 foot  range 
perception of  d e t a i l  com- 
mences and increases  down 
t o  terminal  docking with 
the  LEX (as shown i n  Figurc 
3) .  Figure 13 shows pro- 
f i l e  of f i n a l  rendezvous 
acd docking phase. 

Eng-278C EDP Sheet No. - a 
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S P E C I F I C A T I O N  

i n i t i a i  powere6 Eescent. - ijuring tjnis phase ( s e e  Figure - 
j .3.2.3 

11) t h e  equipment s h a l l  provide an off-course capabi l i ty  of + 1/2 degree. 
In the  i n i t i a l  powered descent (see 6.2.2.2.1) the  FVDE s h a l i  be capable 
of present ing v i s u a l  scenes with a va r i a t ion  of + 5O$ i n  t h e  hor izonta l  
ve loc i ty  and + 10% i n  t h e  v e r t i c a l  ve loc i ty .  
ab l e  of d e t a i i  viewing out t o  80 degrees minimum from t h e  nadi r  throughout 
t h e  full a l t i t u d e  range. 

The equipnent s h a l l  be cap- 

3.3.2.4 Fina l  Powered Descent. - I n  the  f i n a l  powered descent 
and f l a r e  ( see  6.2.2.2.2) phase t h e  EVDE s h a l l  be capable of generating 
and present ing visual scenes w i t h  a va r i a t ion  of + 20% i n  t h e  hor izonta l  
ve loc i ty  and + 3O$ i n  t h e  v e r t i c a l  ve loc i ty  as t h e  LEM is  f r e e  t o  maneuver 
with 6 degrees of freedom. Att i tude changes include continuous 3 6 3 O  ro ta -  
t i o n  about any axis f o r  a l t i t u d e s  above 1200 f e e t  from t h e  lunar surface.  

?Tne nosinal Trajectory f o r  the F ina l  Po-,;ereC Descent 
and Flare ,  which starts a t  approxit?-!Etely 23 nm from the  chosen landin& s i t e  
and terminates  a t  a point  of approxinately 1230 f e e t  a l t i t u d e  i s  as speci-  
f i e d  i n  Figure 12. 

The geometry of t h e  powered descent i s  as spec i f ied  i n  
Figure 13. 

3.3.2.5 F lare  t o  L.andinC. - I n  the  f l a r e  t o  landing s tage (see 
6.2.2.2.3) t he  displzy e q u i p e n t  s h a l l  be capable of generating and present- 
~ 2 ; :  v i sua l  scenes with 2  riatio ti on of + 505 for 
Velocity and Total  Vel-ocity. Trajectory parameters a r e  as spec i f i ed  i n  
Figure 14, sheet  1 and 2. Below 1,200 f e e t  elevation, three-dimentional 
views of the  lunar  surface s h a l l  be presented t o  the l e f t  f r o n t  window. 
These v i w s  s h a l l  meet a l l  requirements of t h i s  spec i f ica t ion .  
remaining windows may be two-dimensional and adequate f o r  a t t i  tude and veloci 
cues oniy. Provisions s h a l l  be made t o  switch the three-dimensional views t o  
the  right-hand window when below 1200 f e e t  e levat ion.-  

Eat.e, SiLrface 

Views i n  the 

. .  

, .  

21 EDP Sheer No.- 
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3.3.2.6 Powered Ascent. - I n  t h e  following conditions of t h e  
powered ascent ( s e e  6.2.3.1) s tage the  d i sp lay  equipment s h a l l  be capable 
of generating and displaying the v i sua l  scenes through the  full range of 
t he  LE24 dynamic cha rac t e r i s t i c s  as out l ined  i n  Table I. 

I 

The LEM ascent begins when t h e  CSM has passed over the  launch 
point  and leads  the  LEM by a c e n t r a l  angle of approximately 1.8 
degrees. 

The LEM ascends a t  a p i t c h  angle referenced t o  the l o c a l  horizon 
at time = 0 of 90 degrees. 

A t  approximately 17.5 secmds  a constant  p i t c h  r a t e  of -10 
degrees/second may be i n i t i a t e d .  

A t  time = 24 seconds p i t c h  r a t e  may be changes t o  0.125 
degrees/sec. 
t;lii .,: ~ U c i a t  (Ti;i i t  = cyu accuildsj j .  

(This p i t ch  rat'.- may be maintained u n t i l  
0 - f  - \ \  

Burnout ve loc i ty  ( i n  a t t a in ing  the  Hohmann o r b i t )  which w i l l  
be 5,580 f t / sec .  and a t  an a l t i t u d e  of 49,930 f ee t .  

Hohmann o r b i t  with apocynthion of 80 nm. 

A t  a constant a l t i t u d e  of 80 nm and i n  c i r c u l a r  o rb i t .  

Norninal ascent t r a j e c t o r i e s  a re  as spec i f ied  i n  
Figili-es 1 5  afid 16. 

b 
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3.3-2.7 Rendezvous and Docking. - In  the Rendezvous and 
Docking phase the EVDE s h a l l  be capable of generating and present ing 
views of the CSM vehicle as  described by paragraph 3.3.2.2(f). 

3.3.2.7.1 Rendezvous. - I n  the Rendezvous phase (see 6.2.3.3) 
the  simulated view of the CSM vehicle s h a l l  be presented t o  both crew 
members, simultaneously and i n  proper perspective,  through the two 
forward window displays.  
presentat ion,  the EVDE s h a l l  also be capable of presenting a view 
through the  overhead window and through the telescope. The view of the 
CSM through the  forward windows, the  telescope, and the Gverhead window 
need not be presented simultaneously. 
selected ex te rna l ly  by switching s igna l s  through the  In te r face  Junction 
Section. 
present ing a view of the CSM through the f u l l  360 
t h c  L?3! and CSM x h i c l e s ,  a t  t h e  anpular r a t e s  and acce lera t ions  
szccif ied by Table 1. 
accelerat ion,  as a funct ion of range betveen the two vehicles,  s h a i i  
comply with the requirements of Figure 10. The spec i f i c  values of 
ve loc i ty  and acce lera t ion  indicated by t h i s  f i gu re  apply t o  both closing 
and separat ion maneuvers, including ' 'fly-by". 
when the two vehicles  pass each other ,  i . e . ,  the  range betveen the CSl4 
and LFN vehicles  decreases t o  a minimum and then increases .  

In addition t o  the  forward window view 

The p a r t i c u l a r  d i sp lay  s h a l l  be 

During the Rendezvous phase the EWE sh;ll  be capable of 
r o t a t i o n a l  range of 

In  addi t ion,  the riaxirnun r e l a t i v e  ve loc i ty  and 

A "fly-by" maneuver occws 

3.3.2.7.2 Docking. - In the Dmking phase (see 6.2.3.4) the 
simulated view of the  CB4vehicle s h a l l  5e presected t o  the crew menhers 
as described under paragraph 3.3.2.7.1, w i t h  t h e  following exceptions: 

(a) The telescope view is not required.  

( b )  "Fly-by" maneuvers s h a l l  be simulated t o  a minimum "skin-to- 
skin" range of t e n  f ee t .  

( c )  Inside t h i s  10 f e e t  range, simulation of the angular excursion 
of the two vehicles w i t h  respect  t o  one another shall be a 
minimum of 10' from the normal docking a t t i t u d e .  
center- l ine s h i f t  capabi l i ty  s h a l l  be a minimum of one foot 
from the normal docking posi t ion.  

The CSM 

I 

23 
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3.3.2.7.2 (Continued ) 

( d )  Docking s h a l l  be presentable a t  the  overhead ~ 

docking hatch and t h e  loca t ion  s h a l l  be 
defined by Grumman. 

3.3.2.8 
l a t ed  by the  EVDE. 

Earth Orbit. - Limited Earth o r b i t s  s h a l l  be simu- 
The o r b i t  capab i l i t i e s  s h a l l  be as follows: 

( a )  

(b) 

( c )  

Orbits of from 100 nm to  300 nm a l t i t ude .  

Orbits of inc l ina t ion  angles t o  the  equator of up t o  - + 40 degrees. 

Earth views with fixed cloud cover with d e t a i l  out t o  the 
horizon . 

24 
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3.343 So la r  Effects .  - Sola r  effects  s h a l l  be simulated by 
prnvic?ing (?ne type c?f v j c l i a l  Display. T h i s  pffert. t s  con-cerned with the 
f l a s h  blindness of a crew man as caused by the  Sun en ter ing  h i s  f i e l d  of 
view. 
d i sp l ay  under observation. 

The EVDE s h a l l  present t h e  f l a s h  bl indness  by "washing out" t h e  

3.3.4 Accuracy. - The dynamic and s t a t i c  accuracy o f  t h e  
EVDE s h a l l  be as follows: 

Dynanic - The EVDE s h a l l  follow a raTp r a t e  input  wi th in  5% and 
s h a l l  s e t t l e  out  within 0.5 degrees of  the  f i n a l  input  s i g n a l  
within 25 milliseconds.  The s e n s i t i v i t y  of t h e  systems s h a l l  
be such t h a t  a s ignal  equivalent  t o  a 0.05 degree change s h a l l  
cause the  EVDE t o  t rack  smoothly with no percept i i l le  or notice-  
able  j i t t e r .  For t r a n s l a t i o n a l  v e l o c i t i e s  t he  accuracy s h a l l  
be + 2% of input  r a t e  from 2400 t o  6000 fee t / sec ;  + 3% from 

lationa: velocizies  thc ;;rsLex sinail s t t t l e  ocli witliir,  of 
the  f i n a l  input  s igna l  within 25 milliseconds. 

- c 
- ?  - - A  - 

503 to ~!+JJ  i t j ;ec  ZLU - I ;,. L9rubil Lu LS 5 ~ 3  I ~ / Z C C .  i 31- 5 2 ~ 2 ~ -  

S t a t i c  - S t a t i c  accuracy i n  r o t a t i o n a l  p3s i t ion  s h a l l  be + 0.5 
degrees about all axes. S t a t i c  s e n s i t i v i t y  s h a l l  be such-that 
.a s i g n a l  equivalent t o  0.05 degrees f o r  any axes s h a l l  cause 
s tar t  of  reposi t ioning i n  a smooth manner. 
ranges the  accuries s h a l l  be as follows: 

For t r a n s l a t i o n a l  

(1) ORBIT 

- + 1% f o r  orkiitd. pos i t i on  (200 nm t o  6 nm) 

RETDEZVOUS -DOCK?NG 

+ 1% irom 30,000 t o  10 f e e t  
+ 10% from 10 t o  4 f e e t  
- - 
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' a  3.3.5 Scene Brightness. - Scene brightness as seen by the 
astroliaiits from theli- iioiTfiai eye p u s i t i u i i  211 tile XZvl mockup shall be as 
follows : 

(a) Moon Surface (sunlit Side) 
7.5 Ft Lamberts (Min.) 

(b) Moon Surface (Earth'Shine Side) 
0.1 - + -02 Ft Lamberts 

7.5 ~t Leniberts (Min.) 
( c )  CSM (Rend. & Docking) (in Sunshine) 

(d) CSN (Rend. & Docking) (in Earth Shine) 
0-5 - + .1 Ft Lamberts 

Xhen TV high light brightness is expected to be less 
t h ~ q  7.5 Ft Lanbert.s Grumman approval s h a l l  be obtained. 

The scene brightness listed above is at the nadir 
view. Due to the absence of a lunar atmosphere the scene brightness 
falls off rapidly as the angle increases from the nadir. 
of scene brightness with change of viewing angle shall be incorporated 
into the EWE. Contrast range due to the different albedos of the various 
sabstances that 122ke up the lunar surface shall be simlated. 
contrast raqe is approximately 6, hmever, in the absence of incident 
light (surface Ili shadows) this shall be as black as the state of 
the art permits. 
magnitude (that is a brightness change of 2.51 is equal to a one (1) 
magnitude change). Brightness shall be rounded to the nearest nagnitude 
integer. 

This fall-off 

This 

Brightness of each ? t a r  shall be to the nearest 

3.3.6 Lunar Model. - A model of the lunar surface composed 
of three (3) different surface types, "A", "B", and "C", shall be supplied 
by the vendor. Size and scale of the model shall be approved by Grumman. 

3.3.6.1 Surface "A".  - Surface "A" shall contain hummocks 
(approximately conically shaped) ranging in size from 20 inches in height 
with 15  degrees sloping sides to 400 inches in height with 30 degrees 
sloping sides. Surface "A" s h a l l  also contain small fissures and fault 
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3.. 3 * 6.1 (Continued ) 

scarps ranging i n  s i ze  from 4 t o  23 inches i n  width f o r  f i s s u r e s  ( length 
of f i s s u r e  can be varied t o  f i t  i n  with the surrounding landscape),  and 
ranging i n  s i z e  from 4 inches t o  55 inches i n  height  f o r  f a u l t  scarps 
( length  of fault scarps can a l s a  be var ied t o  f i t  i n  with surrounding 
landscape). 

3.3.6.2 Surface '"B". - Surface "E" s h a l l  contain blocks 
(approximately rectangular  shaped) ranging i n  s i ze  from 20 inches t o  
400 inches i n  height .  
f a u l t  scarps ranging i n  s i ze  f m m  20 inches t:, 200 inches i n  width f o r  
f i s s u r e s  ( length of f i s s u r e  t o  agree with width and surrounding land- 
scape), and ranging i n  s i z e  f r o m  20 inches t o  200 inches i n  he ight  for 
f a u l t  scarps ( length of f a u l t  scarp t o  agree with height and surrounding 
landscape). 

Surface "B" s h a l l  a l s o  contain la rge  f i s s u r e s  and 

3.3.6.3 ~ u r f a c  e " c ' I .  - Surfzce "C" s h a l l  cnntaifi surface 
f ea tu res  shown i n  photographs taken by Ranger V I 1  spacecraf t .  
showing surface fea tures  a re  as  follows: 

Photographs- 

(a )  NASA s-64-29031 

(b)  NASA s-64-29032 

( c )  NASA s- 64- 2 9033 

(a) NASA s-64-29035 

(e) . NASA S- 64- 29040 

Surface "C" s h a l l  include, but  not be l imited to ,  
c r a t e r s  ranging from 3 f e e t  t o  300 f e e t  i n  diameter, with depths of from 
1 foot  t o  100 f e e t ,  respectively.  The c r a t e r s  s h a l l  have rounded corners.  

- NOTE: The larger c r a t e r s  s h a l l  contain secondary c r a t e r s .  

27 Code 26512 Ew-Z?K - 6687 EDP Sheet No.- 
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3.3.6.4 Lunar Surface Detai ls  Not Specified. - Where lunar 
surface detaj-& =-e not E;nuwn, ai' 61-3 lrldeterlillrlate, artlat coi icei j ta 
s h a l l  be used with Grumman approval. 
the following NASA documents f o r  surface d e t a i l s :  

Artist concepts s h a l l  make use of 

(a) NASA Document "Visual Detection of Protuberance Hazards on the  
Lunar Surface". 

(b)  NASA Document ."Environmental Factors Involved i n  the Choice of 
Lunar Operational Dates and the Choice of Lunar Landing Site". 

3.3.6.5 Lunar Horizon. - The lunar  horizon l i n e  shall be 
simulated i n  t r u e  persective.  

3.3.6.6. Contour Maps. - Contour maps ( 2 )  shall be provided 
which indicates  e levat ion contours of 5-foot increments. The elevat ion 
accuracy of the fully ins ta l led  model as re la ted  t o  t h i s  nap s h a i i  be 
+ 2.5 f ee t .  'The contour maps snaii be as follows: - 

(a) One a t  1:1 sca le  

(b)  One with three (3) separate sheets; each 22 inches x 34 inches. 

28 EDP Shed No.- 
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3.4 Standard Conditions. - The following operating 
curltiitions shal l  bc used tz esta3lish performence characteristics as 
outlined in this specification: 

Temperature 

A 1  t i tude 

Room ambient 25'C +l ' j oC  -5'C 

0 to 2,500 feet 

Vibration None 

Humidity 

3.5 Non-Operational Conditions. - The EVDE shall be cap- 

When returned to standard conditions 

1 5  t.0 95% relative humidity 

able of withstanding the following non-operational environmental conditions 
during transportation and storage. 
of paragraph 3.4 it shall be capahle of operating within its prescribed 
requirements. 

Temperature 0% to 130'~ 

A 1  t i tude 0 to 20,000 feet 

Humidity 

Salt Spray 

Sand and Dust 

Shock 

0 .  to 100%; 100% relative humidity 
to be condensate 

Salt atmosphere as experienced in 
coastal areas. 

As encountered in desert and ocean 
beach areas (i.e. 140 mesh silica 
f l o u r  with particle up to 500 ft. 
per min. ) 

Shock accelerations of 112 1 
millisecond duration at 20g, along 
each of the three mutually perpen- 
dicular axes. 
sawtooth waveform, 11 ms rise - + 1 ms 
decay. 

Shock .pulse to be 

d 
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3.6 Identification of Product. - 
3.6.1 Identification Data Requirements. - The following 

identification data shall be inclcded on the nameplate, and the nameplate 
s h a l l  be affixed to all items of manufacture, except as otherwise sDeci- - * 

fie d here in. 

(a) Identification Data - 
NOMENCLATURE 

CONTRACTOR’S CONTROL NUMBER 

SERIAL NUMBER 

CONTIU CT NUTSEER ( G E E R  i’I”L;I.BER) 

MANKFA CTURER S PART fTiTZEE 

MA-WACTCT13ER’ S NAME, TI?ADE MARK OR CODE SYMBOL 

S P E C I A L  CXARACTERISTICS (DAl’E OF MAIWFACTU€E, EK. ) 

3.6.2 Definition 3f Identification Terms. - 

3.6.2.1 Nmmxlature. - Nmenclature sha l l  be identical to 
approved title of the specification to which the item is designed. 

the  

Eng-Z’iBC 
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3.6.2.2 Contractor's Control Number, - Contractor's control 
number shall be assigned by the vendor. 

3.6.2.3 Serial Nmber or Lot Number. - Serial or lot number 
assignment shall be established by the vendor and subject to Grumman 
approval. 
items bearing the identical manufacturer's part number. 

These numbers s h a l l  be unique and consecutively assigned to 

3.6.2.4 Contract Number. - Contract number is NAS 9-1100. 

3.6.2.5 Manufacturer's Part Number. - The manufacturer's part 
number shall be the number identifying the item. 
identify sales, outline, installation, specification control or purchase 
control drawing for 'procurement of items by contractor shall not be used 
on the manufacturer's part number. 
by the orlginal assigned par5 fimber tlLrc?ughout its life, regardless of 
where used. 

Numbers assigned to 

An item shall always be identified 

3.6.2.6 Manufacturer's N8me, Trade Mark o r  Code Symbol. - 
The name, trademark, or code sjmbol entered shall be tha.t of the 
manufacturing activity. 

3.6.2.7 Snecial  Characteristics and Information. - Pertinent 
ratings, oDerating charactertstics, asseirhly data and other information - ,  & - 

necessary for identification may be entered. 

3.6.2.8 - U.S. - The notation "U.S." shall denote Government 
ownership. Other notations such as USA, NASA or LEI1 shall not be used. 

3.6-3 Marking. - 
3.6.3.1 Identification of Items Without Suitable or Sufficient 

Marking Surface. - Items which do not have suitable or sufficient surface 
to reflect the complete identification data shall, as a minimum, be 
accompanied by suitable means of identification subject t;O Grumman 
approval. 

3.6.3.2 Identification of Unmarked Items Subject to Removal 
After Installation. - Unmarked items which are subject to removal after 
installation or assembly, shall be identified by the manufacturer's part 
number and serial or lot number. 
applied to the adjacent surface of the item in which the unmarked item 
is installed. 

The identification marking shall be 
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3.6-3.3 Items Intended for Permanent Ins t a l l a t ion .  - Items 
which lose  t h e i r  i d e n t i t y  a f t e r  i n s t a l l a t i o n  (e.g., items in s t a l l ed  by 
welding and non-removable hardware) s h a l l  not  be r e iden t i f i ed .  

3.6.3.4 Reworked or  Selected Items. - Items reworked o r  
selected f o r  spec ia l  f i t ,  performance or tolerance s h a l l  require  re- 
i d e n t i f i c a t i o n  as specif ied i n  3.6.1. 

3.6.3.5 Methods of Marking. - Iden t i f i ca t ion  of items shall 
be accomplished by su i t ab le  marking methods, mater ia ls  and nameplates 
which w i l l  not adversely a f f ec t  the item t o  which they a r e  attached. 
A l l  markings s h a l l  be permanent and leg ib le .  

( a )  Nameplates Attached by a method allowing 
(wrxparound tags  ) a l t e r a t i o n  of  data,  without 

requir ing r e l i s t i n g .  

(b)  S t enc i l  or Applied over ex te r io r  f i n i s h  and 
decalcomania which may be removed; ob l i te ra ted  

o r  o themise  a l t e r ed  without a f f e c t -  
ing the ex te r io r  f in i sh .  

( c )  Acid or e l e c t r i c  Shal l  be 1oca.ted where ob l i t e r a t ion  
etching or engraving and addi t iona l  markings may be 

added without r e t e s t ing .  

( a )  Branding, embossing Sha l l  be used following the pro- 
or molding cedure f o r  ( c )  above. Grunman 

S t ruc tu ra l  Engineering approval f o r  
use of these methods s h a l l  be 
required. 

3.6.3.6 Location of  Nameplate o r  Markings. - Wherever possible,  
t he  nameplate or markip? sha l l  be v i s i b l e  and readable a f t e r  the i t e m  i s  
assembled or i n s t a l l ed .  Other methods may be used provided they a re  
e n t i r e l y  su i t ab le  for the  intended purpose. Nethods and  mater ia ls  shall 
be subject  t o  Grumman approval. 
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c 

. - 3.7 Rel i ab i l i t y .  - 
3-7.1 Numerical R e l i a b i l i t y  Requirements. - The EVD8 s h a l l  

be of such design and construction t h a t  t h e  mean time between f a i l u r e  
s h a l l  not be l e s s  than 1000 hours.  
a c t ion  t h a t  would requi re  complete shutdown of t h e  EVDE or necess i t a t e  a 
maintenance procedure t h a t  would i n t e r f e r e  with' 'the performance of other 
LbIS equipments and r e s u l t  i n  an aborted t r a i n i n g  mission. Fa i lure  t o  
comply with t h i s  paragraph s h a l l  be negotiated with Grumman before tak ing  
co r rec t ive  ac t ion .  

A failure s h a l l  be in t e rp re t ed  as any 

307.2 Accumulated Operating Time. - The EVDE s h a l l  be de- 
signed t o  operate f o r  an accumulated operating time of 3C),OOO hours before 
major overhaul i s  needed. 

3.7.3 Maintainability. - 
3.7.3.1 lhlaintzinability Eecicn C r i t e r i a .  - DcLring the  design 

phase, t h e  following maintainabili ty objectives and r e l a t e d  t echn ica l  and 
opera t iona l  cons t ra in ts  s h a l l  be considered as a minimum t o  determine t h e  
optimum manner of s a t i s f y i n g  the main ta inabi l i ty  requirements f o r  t h e  
ex te rna l  v i sua l  d i sp lay  equipment: 

I (a)  Design s o  t h e t  a l l  f a u l t s  can be i so l a t ed  t o  En access ib le  r e -  
movable assembly or component. 

Design s o  t h a t  e lec t ronic  and mechanical f a u l t s  can be i s o l a t e d  and 
corrected within amaximun of 45 minutes a f t e r  a shutdown (follow- 
ing  f a i l u r e )  i n  95 percent of dl cases.  

Design s o  t h a t  scheduled ca l ib ra t ion  and adjustments shall not 
be required during any 350 hour period of operation. 

Design so t h a t  s t a r t -up  procedwes f o r  r e i n i t i a t i o n  s h a l l  not 
exceed 2 minutes i n  95 percent of a l l  cases. 

(b )  

( c )  

(a)  

( e )  Fuses, if used, s h a l l  be r e a d i l y  access ib le  and s h a l l  be 
ex te rna l ly  mounted. 

( f )  Standardized components requi r ing  a minimum of lubr ica t ion ,  
adjustment, cleanlng, and pro tec t ion  s h a l l  be used wherever 
standardization does not penalize the  EVDE i n  performance End 
r e l i a b i l i t y .  
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3.7.3.1 (Continued) 

(g) Sequential  assembly and sEbsequent disassembly arrangement of 
d e t a i l  p a r t s  s h a l l  be &voided wherever possible.  

(h4 Sequential  alignment and ca l ib ra t ion  arrangements s h a l l  be 
avoided wherever possible.  

The physical  arrangement of components s h a l l  be such t h a t  they 
can be r ead i ly  inspected? serviced, cal ibrated,  and, i f  neces- 
sary, adjusted without removing t h e  component and with minimum 
disturbance t o  other pa r t s .  

(i) 

( j )  Design s o  t h a t  inspection, adjustment? service and replacement 
s h a l l  be accomplished using a minimum of t o o l s  o r  support 
equipment . 

( k j  Frovide adequate t e s t  p i n t s  t=, f s c i l i t a t e  rap id  malfunctisn 
i s o l a t i o n  t o  the  removable assembly. 

3.8 Mounting. - Mounting hardhare and s t ruc tu re  t h a t  w i l l  

S t ruc tura l  requirements of t he  capsule and da ta  w i l l  
connect t o  t h e  simulated LEN capsule must be compatible with t h e  simu- 
l a t e d  LEM capsule. 
b e  f u n i s h c d  by Grmrzn as per pu-rchase order.  

3.9 Service Conditions. - The equipment s h a l l  be designed 
and constructed s o  t h a t  no fixed p a r t  o r  assembly s h a l l  become loose;  no 
moving or movable p a r t  or  assembly s h a l l  become undesirably f r e e  o r  s lug -  
g i s h  i n  operation; no movable p a r t  or  cont ro l  s h a l l  be s h i f t e d  i n  i t s  set-  
t i ng ,  pos i t i on  o r  adjustment between scheduled maintenance per iods.  No 
degradation s h a l l  be caused in  t h e  performance below t h a t  spec i f i ed  under 
normal operating conditions. 

3.10 \.?arm-up Time. - The t i m e  required f o r  t he  equipment 
t o  warm-up p r i o r  t o  operation s h a l l  be kept t o  a maximum of 1 5  minutes. 

3.11 Cooling. - The design of the  equipment s h a l l  provide 
f o r  adequate d i s t r ibu t ion  of a i r  f o r  cooling purposes, under operat ing 
condi t ions.  Any ven t i l a t ing  apertures s h a l l  be protected from adverse 
elements en ter ing  equipment. 
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3.12.4.1 D i a l s ,  small holes,  and case i n s e r t s  need not  be 
anodized. s 

3 ~ 2 . 4 . 2  Aluminum al loys which do not  anodize s a t i s f a c t o r i l y  
s h a l l  be coated with a chemical. f i l m  i n  accordance with MIL-C-5541. 

3 ~ 2 . 4 . 3  Where the  primary purpose of the  treatment i s  t o  
a f ford  a su i t ab le  pa in t  base, chemical t reatments  i n  accordance with 
MIL-C-554llgay be used i n  l i e u  of anodizing. 

3.12.4.4 
may be t r e a t e d  with a chemical f i lm  i n  accordance with MIL-C-5541 i n  l i e u  
of anodizing . 

Castings containing nonaluminum a l l o y  i n t e g r a l  i n s e r t s  

3.12.4.5 When abrasion res i s tance  i s  a f ac to r ,  chemical f i lms 
i n  accordance with MIL-C-554i s h a l l  no t  be used i n  l i e u  of anodizing. 

3.12.5 ' S t e e l  Par ts .  - Where pa in t ing  the  surfaces  does not 
a f fo rd  adequate pro tec t ion  against  corrosion, s t e e l  p a r t s  shaULbe 
cadmium pla ted  i n  accordance with Q Q , - P - ~ ~ ,  Type I1 o r  111, as appl icable  
and of a class t h a t  is adequate t o  achieve t h e  degree of pro tec t ion  
required.  

3.12.5.1 Where the  primary purpose of t h e  treatment is  t o  
a f fo rd  a su i t ab le  pa in t  base, chemical treatment i n  accordance with 
m ~ - p - 1 6 2 3 2 ~  shzll be used i n  l i e u  of p la t ing .  

3.12.6 P l a s t i c  Covers. - The p l a s t i c  covers used for conveni- 
ence of maintenance s h a l l  be polished t o  a high l u s t e r  and s h a l l  be f r e e  
from a l l  res idue of buff ing rouge o r  pol ishing compounds. 

3.12.7 Plat ing.  - Electrodeposited me te l l i c  coatings s h z l l  be 
as spec i f ied  here in .  The p la t ing  thickness  i n  a l l  cases s h a l l  be adequate 
t o  assure confornance with t h e  requirements f o r  conductivity and corrosion 
r e s i s t ance .  P la t ing  i s  not required on p a r t s  such as bearings,  gears and 
s h a f t s  fabr ica ted  or machined from brass ,  bronze, o r  cor ros ion- res i s tan t  
s t e e l s ,  unless  they a re  i n  contact with d i s s imi l a r  metals under corrosive 
conditions.  



3.12.8 Color Standards. - Color-s, conforming t o  Federal  
Standard 593, shal l  be applied as spec i f i ed  by Grumman. 

3.12.8.1 A l l  s i m u l a t e d  LZM eabin equipment and enclosures 
s h a l l  be painted t h e  same colors dupl ica t ing  the  LEM. 

3.12.8.2 Ins t ruc to r  chairs s h a l l  b’e painted dark green, color 
24108. 

4 013 Let te r ing .  - Gothic type l e t t e r i n g  s h a l l  be used and 
s h a l l  be l u s t e r l e s s  black i n  eonformance with Federal  Standard 595 co lo r  
“37038” . 

3.14 Border. - A border of 1/4 inch or more shall be pro- 
vided between t h e  l e t t e r i n g  on a panel and the  pane l ’s  edge. 

3.15 T c ~ t k 2 . ? ? y .  - k t t ? r T n g  sha l l  k s  legible and shall be 
&signed t o  rcEain so for the service l i f e  of th,e MS. 

4 QUALITY ASSURANCE PROVISIONS 

4 .1  General. - The equipment s h a l l  be inspected t o  de- 
termine compliance with t h e  requirements of t h i s  spec i f i ca t ion  with respec t  
t o  mater ia ls ,  processes, vorkmsnehip,  werkings, a c c e s s i b i l i t y  of UniDs, 
assemblies, tes t  points ,  and electrical/mechanical connections. 

4.1.1 The equipment shall be subjected t o  t e s t s  t h a t  w i l l  
determine i t s  compliance with the requirements of t h i s  spec i f i ca t ion  with 
regard t o  accuracy, reso lu t ion ,  performance, alignment and ca l ib ra t ion .  
Tests  s h a l l  cons i s t  of  bu t  n o t  be l imi t ed  t o  operating t h e  equipment under 
minimum and rnzximum voltages specif ied,  checking maximum and minimum r a t e s  
and acce lera t iocs ,  f i d e l i t y  of v i s u a l  d isplay and v i s u a l  d i sp lay  at. mini- 
mum and m a x i m  ranges. 

4.2 Quality Zontrol Program. - The q u a l i t y  cont ro l  pro- 
gram s h a l l  be i n  accordance w i t h  t h e  requirements as spec i f i ed  i n  Grumman 
Vendor Q u a l i t y  Control Procedure Q.C. P. 2.12. 
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4.3 ?besting. - The followiw' tests shall be performed: 
(a) Acceptance Tests 

4.4 Acceptance Tests. - Acceptance tests shall be made on 
equipment to be supplied under the contract and shall consist of the 
following: 

(a) Vendor ' s Demonstration Test 

(b) Service Approval Test 

4.4.1 Vendor's Demonstration Test. - Vendor's demonstration 
test shall be accomplished under the responsibility of the vendor and 
shall be conducted in accordance with the approved test procedure in 4.5. 
Tne vendor shall submit all data collected in conducting these tests to 
Gi-omman for review and approval. 
tests are to be conducted so that 2rulmlan and IISA representatives may be 
designated to witness or supervise the tests when so desired. 

vendor sha l l  notify Z r ~ m a n  when 

4.4.1.1 Accessory Material. - In addition to the completed 
Vendors' Demonstration Tested EVDE, the vendor shall also submit the 
accessory rraterial, i, et., (design and test data compiled from the Vendor's 
Demonstration Test) s s  part of the equipnent. This cquipent shall icdi- 
cate the physical and electrical characteristics of the equipment and 
estcblish the equipment's compliance with applicable requirements. 

4.4.2 Service Approval Test. - At the completion of the 
Vendor's Demonstration Test and when requested by Grumman, the EVDE shall 
be delivered to a site designated by C-ruman, for the Service Approval 
Test. This test may consist of duplicating tests previously conducted 
and such other tests deemed necessary to determine compliance with all 
applicable design and performance requirements. In addition to the exami- 
nation of the product, the EVDE shall be operated long enough to permit 
the FVDE temperature to stabilize and to check all characteristics and 
record adequate data to assure satisfactory EVDE operation. During un- 
pcking, setting up of EI'3E, aligment, calibration and all tests the 
vendor representative shall be ppesent. 
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4.5 Test Procedures. - The procedure used f o r  conducting 
acceptance t e s t s  s h a l l  be preparedby the  vendor and submitted t o  Grumman 
for review and approval. The r ig+ t  is  reserved by Grumman t o  modify the  
t e s t s  or requi re  any addi t iona l  tes ts  deemed necessary t o  determine compli- 
ance with t h e  requirements of the spec i f i ca t ion  or t h e  cont rac t .  Prepa- 
r a t i o n  of t es t  procedures s h a l l  include, but  not be l imi ted  to ,  t e s t ing ,  
t o  the  l o g i c a l  sequence of presentations and the  use of diagrams for  p r a c t i -  
c a l  funct ional  t e s t  set-ups.  When t e s t  procedures are ava i lab le  from 
previous cont rac ts ,  such procedures may be used when approved by Grumman. 

4.6 Presubmission Testing. - No item, p a r t  o r  complete 
EVDE s h a l l  be submitted by t h e  vendor u n t i l  it has been previously t e s t e d  
and inspected by the  vendor and found t o  comply, t o  t h e  b e s t  of h i s  
knowledge, and b e l i e f ,  with a l l  appl icable  requirements. 

4.7 Rejection and Retest .  - EVDE zssemblies which have 
been r e j ec t ed  may be reworked or  have pa r t s  replaced to' cor rec t  t he  de- 
f e c t s  and resubmitted f o r  acceptance. Before resubmitting, f u l l  par t icu-  
lars concerning previous r e j ec t ion  and the  ac t ion  taken t o  cor rec t  t he  
defec ts  found i n  the  o r ig ina l  s h a l l  be furnished t o  Grumman. 

5 PREPARATION FOR DELn7ERY 

5 .1  General. - The preparat ion for del ivery s h a l l  render 
t h e  ETDE capable of long term reusable s torage and shipment without degra- 
da t ion  of r e l i a b i l i t y  because of corrosion, contamination o r  physical  
damage from shock, and vibrat ion or other  shipping hazards encountered 
during handling and t ranspor ta t ion  t o  i ts  f i n a l  des t ina t ion .  

5.2 Preservation and Packaging. - The EWE s h a l l  be packed 

Cleanliness of the b a r r i e r  mater ia ls  s h a l l  be the  same as/ 
i n  such a manner as t o  meet the environmental requirements s t a t e d  i n  t h i s  
spec i f i ca t ion .  
or grea te r  than the cleanl iness  l e v e l  of the equipment being packaged. 

5.3 Adequacy of Packaging and Packing. - The EWE sha l l  
be  shipped i n  a su i t ab le  manner t o  ensure safe  del ivery.  
be protected with shock absorbing mater ia l  and secured i n  vans spec ia l ly  
designed f o r  t he  t ranspor ta t ion  of shock sens i t i ve  equipment. 
s h a l l  assme a l l  r e spons ib i l i t y  f o r  sa fe  del ivery.  
shall be v e r i f i e d  by Grumman. 

Equipment s h a l l  

The vendor 
Adequacy of packaging' 

. 
EDP Sheet No. 39 



.. 

5.4 Marking of,Snipments. - f i i t e r lor  mc? ex te r io r  PnntaFn-  
e r s  s h a l l  be durably and leg ib ly  marked such that t h e  markings s h a l l  pro- 
vide t h e  fol lowing information: 

I t e m  Name 

Contractor 's  Control No. 

Stock NO. 

Contractor ' s Order' No. 

Manufacturer 

Wg. ' s  S e r i a l  No. 

Date of Manufacture 

6 NOTES 

6.1 Intended Use. - ??ne IWDE i s  intended t o  be in tegra ted  
w i t h  t h e  LMS f o r  t h e  t r a in ing  and checkout of a two-man crew i n  respec t  
t o  the  scenes they vi11 encounter on the  t r i p  f r o 3  t h e  CSM t o  the moon and 
re turn .  It may a l s o  be applied t o  ti-airiir-g of a. two-tmn crew during l i m i t r  
ed Ear th-orb i ta l  missions. 

6.2 Definit ions (Operational Phases). - 
6.2.1 Lunar  O r b i t .  - The Lw-ar Orbit  s tar ts  a f t e r  success- 

ful i n j ec t ion  of the  CSM in to  lunar  o rb i t ,  and terminates a f t e r  t h e  L E M  
separates  *om t he  CSM. 

6.2.2 Descent. - 
6.2.2.1 Coasting Descent Trar_sfer Orbi t .  - The-coasting de- 

scent  t r ans fe r  o r b i t  s t a r t s  v i t h  the  in se r t ion  of Ll3M i n t o  a coasting 
descent o r b i t  and terminates a t  the  i n i t i z t i o n  of powered descent. 
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6.2.2.2 Powered Descent. - The powered descent, st.ert.s et thp 
completion of the coasting descent transfer orbit and terminates at LEM 
touchdown on the lunar surface. For convenience, this mission phase is 
subdivided as follows : 

6.2.2.2.1 Initial Powered Descent. - The initial powered descent 
starts at the completion of the coasting descent transfer orbit and ends 
when the LEM is 20 nm from the landing site. 

6.2.2.2.2 Final Powered Descent. - The final powered descent 
starts when the LEN is 20 nm from the landing site and terminates with a 
flare maneuver. 

6.2.2.2.3 Flare to bnd.ing. - Flare to landing starts at 
approximately 1230 feet and includes translation to the desire? landing 
site and ends at touchdown. 

6.2.3 Ascen-?. - 
6.2.3.1 Powered Ascent. - Powered ascent sterts with the ascent 

engine ignition and terminates with insertion into the coasting ascent 
transfer orbit or a parking orbitJ 

6.2.3.2 Coesting Ascent P a n s f e r  Orbit. - Coasting zscent 
transfer orbit starts imediiltely after insertion into the coasting ascent 
transfer orbit, either by direct insertion o r  from a parking orbit, and 
terminates when the L E M  is 20 nm from the CSM. 

6.2.3.3 Rendezvous. - Rendezvous starts 20 nm from the CSM and 
terminates when the LEI4 is 500 feet from the CSM. 

6.2.3.4 Docking. - Docking starts 530 feet from the CSI4 and 
terminates at T;EM - C S 4  contact at the overhead hatch. 

6.2.4 Abort. - Abort trajectories are a family of possible 
trajectories that may be initiated at any point during the LE24 mission 
due to a system failure that affects crew safety, o r  due to undesirable 
deviations from the nominal mission plan. 
transition manewer necessary to leave the planned trajectory as well as 
any coast and final burn phases at rendezvous. 

These trajectories include the 

I 
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6.2.5 Resolution. - Resolution is that angle subtended be- 
tween two objects so that determination of two objects can be ascertained. 

6.3 Performance Objectives. - Simplicity of operation, 
ease of maintenance, and an improvement in the performance and reliability 
of the specific functions beyond the requirements of this specification 
are objectives which shall be considered in the design and fabrication of 
this equipment. Where it appears a substantial reduction in size and 
weight or improvement in simplicity of design, performance, ease, of main- 
tenance or reliability will result from the use of materials, parts and 
processes other than those specified, a request for approval shall be sub- 
mitted to Grumman for consideration. Each request shall .be accompanied by 
complete supporting information. 
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LEM -AM, CSM DYNAMICS 

Both vehicles  s h a l l  be assumed t o  have the following cba rac t e r i s t i c s :  

Angular Rate 

X-Axis  = o and 0.01 t o  6oo/mc 
Y - A x i s  = o and 0.01 t o  6oo/ac 
Z-Axis = o and 0.01 t o  6oo/mc 

Angular Acceleration 

X - A x i s  = 1 . O o / ~ c 2  t o  6 o 0 / ~ c 2  
Y - A x i s  = 1.0°/SEC2 t o  6o0/s3c2 
Z-Axis  = 1.0°/SEC2 t o  60°/SEC2 

a 

Linear Rate (Using Reaction Control System) 

X - A x i s  = .OSft/SEC t o  250ft/SEC 
Y - A x i s  = . o ~ ~ ~ / s E c  t o  P ~ O ~ ~ / S E C  
Z-Axis = . O ~ F ~ / S E C  t o  P ~ O ~ ~ / S E C  

Linear Acceleration (Using Reaction Control System1 

X - A x i s  = 0 t o  4.0 f t / S E C 2  (+0 t o  40 ft/SEC2 with main eng.) 
Y - A x i s  = 0 t o  4.0 ft/sEC2 
Z-Axis  = 0 t o  4.0 f t / s E C 2  

Translat ional  Veloc i t ies  

Lunar Orb i t  - 5285 ft/SEC (continuous CM ve loc i ty)  
LEM Coasting Descent Transfer Orbit  - 5670 ft/SEC at  Pericynthion 
LEN Descent - 5670 t o  0 ft/SEC (Hovering Capabi l i ty)  
LEM, Burnout a t  ascent - 5580 ft/SEC 
LEN Hohmann Transfer - 5580 t o  5285 f't/sEC 

Acceleration Capabi l i ty  

For i n j ec t ion  - 16 f%/SEC2 

For ascent 
For descent - 0 t o  32 ft/SECE . -  

- 0 t o  35 f t / S E C  

I! 
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